p.  1 


Two  years  ago  the  authors  determined  to  find  out  by 
experiment  what  would  happen  when  hemolytic  or  agg  u 
tinative  blood  was  transfused  directly  between  two  ammals 
of  identical  species.  Although  the  work  had  to  ' 

rupted  for  extraneous  reasons  over  a year  ago,  and  th  s 
account  the  series  of  experiments  is  incomplet^  e resu 
so  far,  while  not  leading  to  final  conclusions,  offer  so  much 
of  interest  that  it  is  thought  worth  while  to  present  them 

now. 


Observations  on  isoagglutination  in  dogs.  — The 
first Tlifficulty  was  the  choice  of  animals.  The  smaller  animals 
such  as  rats  and  rabbits,  in  which  the  authors  have  been 
able  to  find  isoagglutinins,  were  not  available  on  account  ot 
the  difficulty  of  doing  direct  transfusions  between  them.  In 
dogs,  the  ideal  experimental  animals,  previous  workers  (like 
the  authors  at  first)  had  repeatedly  failed  to  find  isoagglu- 
tinins or  isohemolysins.  After  several  failures,  however,  the 
technical  difficulties,  which  had  previously  interfered  with  the 
demonstration  of  such  antibodies,  were  at  least  partly  over- 
come; and  it  was  then  readily  demonstrated  that  isoagglu- 
tination and  isohemolysis  occasionally  occur  between  the 
bloods  of  apparently  normal  dogs. 

The  technical  difficulty  to  be  overcome  was  the  fragility  of 
dog  blood  cells,  which  were  found  to  lake  more  or  less  when 
suspended  in  salt  solution  of  any  strength.  Various  concen- 
trations (between  0.6  per  cent  and  two  per  cent)  of  sodium 
chloride  were  tried  with  the  same  result.  In  the  experi- 
ments, therefore,  salt  solution  was  avoided  entirely  — the 


♦From  the  Biochemical  Laboratory  of  Columbia  University  at  the  College  of  Phy- 
sicians and  Surgeons,  and  the  Pathological  Laboratory  of  Mount  Sinai  Hospital,  under 
the  auspices  of  the  George  Crocker  Special  Research  Fund.  Received  for  publication 
March  21,  1913. 
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cells  were  simply  suspended  in  their  own  sera.  The  technic 
finally  adopted  was  to  mix  one  volume  of  defibrinated  blood 
with  nineteen  volumes  of  the  serum  whose  effect  on  the 
blood  cells  was  to  be  tested.  In  this  way  ten  or  twelve 
animals  were  taken  at  a time  and  their  bloods  reciprocally 
tested.  Dog  blood  cells,  even  when  suspended  in  their  own 
serum,  frequently  showed  slight  hemolysis,  probably  due  to 
the  insult  of  defibrination.  On  this  account  note  was  made 
of  hemolysis  only  when  it  was  so  prompt  and  marked  as  to 
leave  no  doubt  that  it  was  caused  by  the  foreign  serum. 

When  about  ten  dogs  were  tested  at  a time  some  inter- 
agglutinations were  always  found.  These  varied  in  inten- 
sity, but  in  general  were  very  weak  as  compared  with  the 
intense  and  complete  isoagglutination  of  human  blood  cells 
under  similar  conditions.  About  the  weaker  agglutinations 
there  was  naturally  some  doubt.  Thus,  with  the  first  series 
of  eleven  dogs  two  of  the  authors  made  simultaneous  but 
independent  observations.  Their  reading  agreed  in  one 
hundred  and  thirteen  out  of  the  one  hundred  and  twenty-one 
mixtures.  In  the  table  below,  and  in  most  of  the  work, 
only  those  tests  were  recorded  as  positive  in  which  two 
independent  readings  gave  a positive  result.  Macroscopic 
agglutination  only  was  taken  account  of. 


March  29,  iQii-  April  2a,  191 1 . 
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It  was  found  that  only  the  first  readings,  within  six  hours 
of  the  time  when  the  mixtures  were  made,  were  reliable. 
Later  readings  were  confusing  and  inconstant.  Agglutina- 
tion generally  appeared  in  one-half  to  one  hour  at  room 
temperature  or  in  the  ice-box.  At  37°  C.  the  fragility  of 
the  cells  was  so  marked  that  incubation  at  this  temperature 
was  given  up.  Hemolysis  was,  however,  frequently  noted 
even  at  room  temperature.  When  the  clumps  were  broken 
up  by  shaking  they  reformed  only  in  the  case  of  the  stronger 
agglutinations. 

As  to  the  permanency  of  the  peculiarities  in  these  animals 
final  conclusions  cannot  be  drawn,  because  all  the  dogs  that 
were  kept  for  any  length  of  time  were  used  for  transfusions. 
In  general,  however,  most  of  the  inter-agglutinations  per- 
sisted, but  some  of  them  underwent  changes.  Thus,  of  six 
dogs  surviving  (from  March  29. to  April  22),  the  agglu- 
tinations were  as  follows : 


Table  2. 

Inter-agglutinations  of  blood  from  six  dogs  after  an  interval  of  twenty-six  days. 
( The  other  dogs  of  the  first  lot  died  in  the  interim  of  an  epidemic  of  distemper.') 


March  29. 


April  22. 


Sera. 


Sera. 
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In  the  interim  Dog  8 had  twice  been  transfused  from  Dog 
2,  Dog  II  once  from  Dog  3 and  once  from  Dog  5,  and  Dog 
4 once  from  Dog  i.  The  changes  observed,  as  for  instance 
the  failure  of  the  cells  of  Dog  4 to  be  agglutinated  by  the 
sera  of  Dog  8 and  Dog  9 on  the  second  occasion,  and  the 
appearance  of  the  new  agglutination  of  the  cells  of  Dog  8 
by  the  serum  of  Dog  1 1 on  the  second  occasion,  do  not 
seem  to  be  explicable  either  on  the  supposition  that  aggluti- 
nins were  absorbed  by  the  cells  transfused  or  that  new 
immune  isoagglutinins  were  developed.  They  seem  to  bear 
no  relation,  in  fact,  to  the  transfusions. 

A similar  phenomenon  was  noted  also  in  the  later  experi- 
ments. Thus,  four  dogs  were  repeatedly  examined  and 
transfused  between  June  25  and  December  20. 
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Here  Dog  D was  transfused  into  Dog  E four  times  between 
July  1 8 and  September  I2,  and  Dog  F into  Dog  C four 
times  between  July  26  and  September  6.  The  transfusions 
in  the  reverse  directions,  namely,  of  Dog  E into  Dog  D and 
Dog  C into  Dog  F were  done,  respectively,  on  September  26 
and  September  16.  The  changes  observed  in  this  series 
were  generally  the  addition  of  new  agglutinations  rather 
than  the  loss  of  those  already  present;  but  again  the 
changes  do  not  seem  to  be  directly  related  to  the  transfu- 
sions. That  some  of  the  changes  may  possibly  have  been 
due  to  greater  accuracy  of  observation  in  the  later  experi- 
ments is  possible,  as  there  is  only  one  change  between 
August  26  and  December  20,  a period  of  four  months. 
The  readings  of  these  two  dates  were  both  made  in  dupli- 
cate ; those  of  the  earlier  date  were  not.  The  one  additional 
agglutination  on  December  20,  not  present  on  August  26, 
is  easily  explained  as  due  to  an  induced  antibody,  because 
Dog  D,  whose  serum  showed  on  this  date  the  new  agglutinin 
for  the  cells  of  Dog  E,  had  been  transfused  with  the  blood 
of  Dog  E on  September  26. 

An  effort  was  made  to  group  the  bloods  according  to 
agglutinations  as  is  seen  in  the  tables  above.  Many  bloods 
have  what  might  be  termed  family  resemblances  to  one 
another,  but  no  definite  groups  seem  to  occur.  On  repeat- 
ing their  former  work  with  rabbits  the  authors  have  also  failed 
to  find  the  grouping  which  they  at  first  thought  was  present. 
In  some  as  yet  unpublished  studies  on  rat  blood  made  by 
one  of  the  authors  in  association  with  Dr.  R,  A.  Lambert 
the  same  thing  was  observed. 

Imgebritsen,  in  a recent  publication,  reports  that  cat 
bloods  also  occasionally  contain  isoagglutinins,  which  do  not 
seem  to  occur  in  groups.  In  dogs,  rabbits,  and  rats  the 
isoagglutinations  are  weak  as  compared  with  those  of  human 
blood,  and  the  failure  to  group  may  possibly  be  due  to  the 
difficulties  of  correct  observation.  In  steers  (of  which  the 
authors  have,  however,  observed  only  one  series)  the  aggluti- 
nations are  as  intense  as  in  human  bloods,  and  here  {here  is 
a sharp  division  into  three  groups. 
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Observations  on  isohemolysis  in  dogs.  — For  the 
reasons  given  above  the  observations  on  hemolysis  were  not 
very  satisfactory.  Nevertheless,  it  was  repeatedly  demon- 
strated that  true  isohemolysis  does  occasionally  occur 
between  the  bloods  of  different  dogs.  Undoubtedly  some 
instances  of  this  were  overlooked,  as,  on  account  of  the 
fragility  of  the  cells,  the  mixtures  were  only  incubated  at 
room  temperature.  It  is  of  importance  to  remember  this 
in  interpreting  the  results  of  the  transfusions.  Instances  of 
isohemolysis  are  referred  to  in  the  descriptions  of  transfu- 
sions that  follow. 

Technic  and  plan  of  the  transfusions.  — Twenty- 
two  transfusions  were  done,  all  by  the  direct  artery  to  vein, 
intima  to  intima  method,  with  the  aid  of  the  Elsberg  canula. 
A hypodermic  injection  of  morphine  was  given  first  and 
cocaine  was  used  as  a local  anesthetic.  As  repeated  trans- 
fusions were  done  between  the  same  dogs,  different  arteries 
had  to  be  used.  These  were  the  femoral  and  brachial  or 
axillary.  The  large  superficial  veins  were  by  far  the  best 
and  could  be  used  repeatedly.  Except  in  certain  instances, 
which  will  be  referred  to  in  detail  presently,  the  dogs  with- 
stood the  operation  (and  in  the  case  of  the  donors,  the 
blood-loss)  very  well.  It  was  generally  not  feasible  to  pre- 
vent some  infection,  but  only  one  dog  was  lost  by  wound 
infection.  Both  the  donor  of  blood  and  the  recipient  were 
weighed  carefully  before  and  after  each  transfusion,  and  the 
amount  of  blood  transfused  was  thus  approximately  ascer- 
tained. In  the  first  series  of  twelve  transfusions  the  dogs 
were  all  kept  in  a large  room  and  allowed  to  run  about.  In 
the  second  series  of  ten  transfusions  on  four  dogs  the 
animals  were  much  more  closely  observed ; they  were  kept 
in  metabolism  cages,  and  blood  counts  and  urine  examina- 
tions were  made  before  and  after  each  transfusion,  and  the 
presence  or  absence  of  agglutination  was  determined  before 
each  transfusion. 

In  the  first  series  eighteen  dogs  were  used  and  it  was  thus 
possible  to  select  several  between  which  the  agglutination 
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was  strong.  The  first  series  was  affected  by  an  epidemic  of 
distemper,  which  killed  a majority  of  the  animals  before  the 
experiments  could  be  concluded.  In  the  second  series  on 
only  four  dogs  the  number  of  possible  combinations  was  of 
course  much  smaller  and  there  were  no  strong  agglutina- 
tions. This  probably  explains  the  difference  between  the 
results  of  the  two  series. 

The  plan  was  to  do  an  equal  number  of  agglutinative 
transfusions  and  control  experiments  {i.e.,  between  animals 
which  had  no  agglutinins  or  hemolysins  for  each  others 
blood).  The  transfusions  were  done  at  intervals  of  one  to 
three  weeks  so  as  to  give  the  dogs  time  to  recover  between 
operations  and  to  develop  new  antibodies  (if  such  could  be 
developed).  In  the  agglutinative  transfusions  the  dogs  were 
chosen  in  such  a way  that  the  agglutinative  serum  was  in  the 
recipient,  the  agglutinable  cells  in  the  donor.  In  a previous 
paper  one  of  the  authors  has  shown  that  under  these  circum- 
stances intravascular  agglutination,  if  it  occurs  at  all,  is  most 
likely  to  occur.  In  several  transfusions  of  the  second  series, 
however,  the  bloods  were  mutually  agglutinative  (although 
very  weakly  so). 


Results  of  the  transfusions.  — i.  Control  experi- 
ments : 


Table  4. 

First  set  of  transfusions. 
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Remarks. 

Date. 

Amount  transfused. 
Weight  before  trans- 
fusion. 

Result. 

Note. 

! 

j 

4th  Transfusion. 

May  2«.  / 

2S0  cc.  ( 

S,7io.  \ 

Hematuria,  et  c.  \ 
Died.  j 

(Pups  had  been  1 
taken  away.)  V 

3d  Transfusion. 

May  12. 

6o  cc. 

9,490. 

Hematuria.  Bloody 
stools. 

(Had  been  nursing 
I pups  about  1 week.) 

1 

1 

April  29. 

50  cc. 
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No  symptoms. 

1 

] 

1 

1 

2d  Transfusion, 

April  15. 
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(Dog  pregnant.) 
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A S 

S'  . 0 

g 0 
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Very  sick. 
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Table  5. 
Blood  smears. 


C 

C 


F 

E 

E 

E 

E 

E 

E 

E 

D 

D 

D 

D 

D 

A 

A 

B 


Dog. 

Date. 

Normoblasts  per  1 
100  Leucocytes.  1 

Megaloblasts  per 
100  Leucocytes. 

Polynuclear  (1(). 

Mononuclear  (j(). 

£ 

— 

a 

c 

*tO 

0 

0 

Ic 

0. 

0 

V) 

rt 

CS 

4 • • 

June  7. 

Recipient,  before  last  transfusion. 

127 

3 

56 

44 

0 

0 

4 • • 

" 7- 

“ after  “ “ 

99 

5 

83 

17 

0 

0 

4 • • 

“ 7- 

“ 6 hours  after  last  transfusion. 

52 

I 

93 

5 

2 

0 

4 • ■ 

“ S. 

“ post-mortem. 

54 

2 

85 

13 

2 

0 

t • . 

May  25. 

“ after  last  transfusion. 

150 

I 

50 

46 

4 

0 

3 • ■ 

April  1 . 

Donor  to  ii  after  1st  “ 

1 

0 

70 

30 

0 

0 

4 • ■ 

June  7. 

“ “ 4 before  last  “ 

14 

0 

78 

iS 

4 

0 

July  27. 

Recipient,  24  hours  after  ist  transfusion. 

I 

0 

So 

•5 

5 

0 

Aug.  9. 

“ before  2d  ** 

0 

0 

75 

'4 

II 

0 

“ 10. 

“ 24  hours  after  2d  “ 

0 

0 

Si 

'5 

4 

0 

“ 22. 

“ before  3d  “ 

0 

0 

72 

25 

3 

0 

Sept.  6. 

“ “ 4th  “ 

0 

0 

73 

23 

4 

0 

“ 16. 

(As  recipient)  before  5th  “ 

0 

0 

83 

26 

I 

0 

Aug.  Q. 

Donor  to  C before  2d  “ 

0 

0 

72 

22 

6 

0 

' 

“ 22. 

3d  “ 

0 

0 

So 

»5 

5 

0 

Sept.  6. 

“ “ “ “ 4th 

0 

0 

83 

15 

3 

0 

July  iS. 

Recipient,  after  ist  transfusion. 

0 

0 

65 

31 

I 

3 

“ 19- 

“ I day  after  ist  transfusion. 

0 

0 

66 

14 

20 

0 

Aug.  I. 

“ before  2d  “ 

I 

0 

58 

34 

7 

0 

“ 2. 

“ I day  after  2d  “ 

0 

0 

76 

20 
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0 

“ >7- 

“ I “ “ 3d  “ 

0 

0 

70 

iS 

2 

0 

Sept.  12. 

“ before  4th 

0 

0 

76 

21 

3 

0 

• • 
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0 

So 

17 

3 

0 

July  iS. 

Donor,  before  ist  tr.ansfusion. 

0 

0 

62 

aS 

9 

I 

• • 

“ ■9- 

“ i day  after  ist  transfusion. 

0 

0 

54 

33  • 
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Aug.  2. 
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0 

63 

27 
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Sa 
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As  will  be  seen  from  the  accompanying  tabulations,  the 
control  experiments  showed  uniformly  negative  results 
(transfusions  in  which  Dogs  8,  15,  and  E were  recipients). 
There  were  no  symptoms  of  any  kind.  In  the  second  series 
the  urine,  which  was  collected  and  examined  chemically  and 
microscopically,  was  free  from  blood  and  casts,  and  also 
albumin,  excepting  traces  occasionally  following  transfusion. 
No  new  hemolytic  antibodies  appeared  between  any  of  the 
dogs  used  in  these  control  experiments.  One  new  agglutina- 
tion developed  as  noted  above  (between  Dogs  D and  E). 

2.  Agglutinative  and  hemolytic  transfusions  : 

In  three  dogs  repeated  transfusions  of  blood  whose  cells 
were  agglutinable  by  the  recipient’s  serum  were  made.  Of 
these  the  first  two  dogs  (Dog  ii  and  Dog  4)  showed  the 
most  interesting  results. 

Dog  II  (Table  4).  — Dog  3 was  chosen  as  donor  for 
Dog  1 1 because,  among  all  the  agglutinative  mixtures,  the 
agglutination  of  the  cells  of  Dog  3 by  the  serum  of  Dog  1 1 
was  one  of  the  strongest.  The  serum  of  Dog  3 had  no 
effect  on  the  cells  of  Dog  ii.  Dog  3 died  of  distemper 
after  the  first  transfusion  and  the  experiment  was  continued 
with  Dog  5 as  donor  for  the  subsequent  transfusions.  The 
blood  cells  of  this  dog  were  strongly  agglutinated  by  the 
serum  of  Dog  1 1 . 

After  the  first  two  transfusions  Dog  1 1 showed  no 
untoward  symptoms  whatever.  The  urine  unfortunately 
was  not  examined.  After  the  third  transfusion  (sixty  cubic 
centimeters  of  blood  having  been  transfused)  Dog  ii  was 
observed  to  be  very  sick.  She  trembled  and  showed  great 
muscular  weakness.  There  was  an  intense  hematuria,  which 
lasted  about  twenty-four  hours.  The  dog  recovered  from 
these  symptoms,  however,  and  was  again  transfused  nine 
days  later. 

This  last  transfusion  on  Dog  1 1 was  intensely  interesting. 
Before  the  transfusion  the  blood  of  the  two  dogs  was  tested 
again.  The  serum  of  Dog  1 1 was  found  completely  to 
agglutinate  and  partly  to  lake  the  cells  of  Dog  5 within  an 
hour  at  room  temperature,  and  slightly  to  agglutinate  them 


AGGLUTINATIVE  AND  IIEMOLYITC  TRANSFUSIONS.  153 


in  five  minutes.  The  serum  of  Dog  5 neither  agglutinated 
nor  laked  the  cells  of  Dog  1 1.  Both  the  agglutinin  and  the 
hemolysin  present  were  extremely  feeble  in  the  test-tube 
(unless,  as  is  likely,  there  was  some  inhibiting  substance  in 
the  serum  of  Dog  5)-  Four  dilutions  (1—2,  i— 4>  and 
1-12)  of  Serum  ii  were  made  using  Serum  5 as  diluent. 
None  of  these  dilutions  agglutinated  or  laked  the  cells  of 
Dog  5.  (The  mixtures  of  twenty  parts  of  serum  with  one 
of  defibrinated  blood  mentioned  in  the  first  part  of  this 
paper  were  of  course  used.)  The  result  was  all  the  more 
surprising. 

Two  hundred  and  eighty  cubic  centimeters  of  blood  were 
transfused.  During  the  transfusion  Dog  1 1 became  sick  at 
once.  Her  breathing  became  rapid  and  labored.  Her  head 
and  extremities  trembled  and  twitched.  An  hour  after  the 
transfusion  these  symptoms  were  still  present  and  there  was 
oozing  of  blood  from  the  wound.  The  wound  was  opened; 
there  was,  however,  no  bleeding  point,  the  oozing  being 
capillary.  It  was  noted  that  the  blood  clotted  very  slowly 
and  imperfectly.  The  dog  was  catheterized  and  twenty 
cubic  centimeters  of  thick,  black,  very  bloody  urine  v/ere 
obtained.  Macroscopically  the  abundant  sediment  showed 
masses  of  granular  debris.  No  red  blood  cells  were  recog- 
nizable. A smear  of  the  dog’s  blood  made  at  this  time 
showed  an  unexpected  blood  picture.  The  spread  showed 
a very  large  number  of  nucleated  red  blood  cells.  To  one 
hundred  leucocytes  there  were  counted  one  hundred  and 
sixty-four  nucleated  red  cells  of  which  seven  were  megalo- 
blasts.  The  differential  leucocyte  count  is  given  in  Table  6. 
The  nucleated  red  blood  cells  were  generally  pear-shaped 
and  often  polychromatophilic ; the  remaining  red  blood  cells 
were  normal  in  shape  but  varied  considerably  in  size ; 

macrocytes  were  common.  Many  cells  showed  polychroma- 
tophilia. 

Blood  serum  of  the  dog  obtained  at  this  time  (one  hour 
after  the  transfusion)  was  only  slightly  blood-tinged.  The 
clotting  phenomena  of  a tube  of  blood  collected  from  the 
ear  vein  at  this  time  were  also  of  interest.  The  blood 
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clotted  slowly,  and  when  the  first  clot  formed  it  was  removed 
and  a secondary  plasmatic  clot  formed.  This  phenomenon 
may  have  been  connected  with  a hemorrhagic  tendency  as 
shown  by  the  wound  oozing.  Six  hours  after  the  transfusion 
there  was  still  oozing  from  the  wound.  The  following  day 
the  dog  died,  and  an  autopsy  was  done  at  once. 

Autopsy  (Dog  ii).  — The  body  weighed  9 kilos.  It  was  still  warm. 
There  was  black  clotted  blood  in  the  wound.  The  subcutaneous  fat  was 
of  a peculiar  and  intense  yellow  color  (jaundice?). 

Pleura  and  lungs  were  negative.  Of  the  heart  chambers  only  the  right 
ventricle  was  distended ; it  contained  black  clotted  blood.  The  heart 
muscle  showed  no  blood  imbibition. 

The  stomach  contained  undigested  food.  The  small  and  large  intes- 
tines were  empty  and  showed  nothing  abnormal.  In  the  mesentery  there 
were  several,  bright  red,  flame-shaped  hemorrhages.  There  was  also  one 
such  hemorrhage  in  the  distribution  of  the  pancreatico-duodenal  vessels, 
and  one  in  the  neighborhood  of  the  portal  vein,  as  well  as  several  on  the 
surface  of  the  gall  bladder.  The  mesenteric  glands  were  large  (pea- 
sized). 

The  pancreas  was  pale.  The  spleen  was  of  a dark  purple  color  and 
very  hard.  It  weighed  41  grams.  The  Malpighian  bodies  were  very 
prominent.  The  liver  weighed  252  grams  and  showed  on  the  surface  and 
on  section  dark  purple  and  irregular  mottlings.  The  gall  bladder  was 
filled  with  thick  black  bile.  The  adrenals  showed  nothing  abnormal. 
The  urinary  bladder  contained  black  altered  blood ; the  mucous  mem- 
branes and  the  urethra  showed  nothing  abnormal. 

The  kidneys  were  very  hard  and  almost  ebony  black  in  color.  The  two 
together  weighed  42  grams.  On  section  they  showed  concentric  rings  of 
black  and  gray.  The  outer  rim  of  the  cortex  was  black,  shading  down  to 
gray  at  the  inner  part.  The  bases  of  the  pyramids  were  of  the  deepest 
black  color  and  shaded  gradually  to  yellow  at  the  papillae.  The  renal 
arteries  and  veins  were  not  thrombosed. 

Microscopic  examination  (Dog  ii). — Spleen:  Section  shows  large 

Malpighian  corpuscles  with  marked  hyperplasia.  There  is  moderate  con- 
gestion. Prominent  throughout  the  section  in  both  reticular  spaces  and 
blood  sinuses  are  large  numbers  of  large  mononuclear  phagocytes  filled 
with  red  blood  cells,  fragments  of  red  blood  cells,  and  crystalline  blood- 
pigment,  some  of  them  with  the  remains  of  nuclei. 

In  addition  there  are  large  numbers  of  a very  unusual  type  of  giant  cell. 
These  cells  are  from  thirty  to  forty  micra  in  diameter.  They  lie  free  in 
the  large  blood  sinuses,  are  found  in  the  reticular  network,  or  completely 
fill  the  small  capillary-like  sinuses.  They  vary  greatly  in  outline  from 
round  or  oval  to  very  irregular,  with  pseudopod-like  processes.  The 
protoplasm  is  unusually  large  in  amount  and  takes  a very  light,  almost 
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homogeneous  pink  stain  with  eosin.  The  nuclei  stain  very  densely  with 
hematoxylin.  Some  of  the  nuclei  are  round  or  oval  but  most  of  them  are 
extremely  polymorphous,  resembling  an  exaggerated  nucleus  of  a poly- 
morphonuclear leucocyte. 

Sections  stained  with  Giemsa  stain  show  large  numbers  of  nucleated 
red  cells  of  the  normoblastic  type.  Most  of  these  are  found  in  the  blood 
sinuses  and  capillaries ; many,  however,  are  found  in  the  reticular  spaces 
but  show  no  definite  arrangement  around  a germinal  center.  Quite  a 
number  of  these  cells  show  nuclei  in  the  process  of  amitotic  division. 

Liver : There  is  an  extreme  grade  of  quite  uniform  cloudy  swelling. 

The  blood  vessels  show  an  uneven  congestion  ; here  and  there  are  sinuses 
tremendously  engorged,  and  in  some  places  the  sinuses  have  the  appear- 
ance of  being  surrounded  by  hemorrhagic  infiltration.  In  the  portal 
septa  there  is  marked  infiltration,  chiefly  with  round  cells,  but  also  with 
some  polymorphonuclears.  The  larger  branches  of  the  portal  vein  are 
filled  with  blood,  containing  great  numbers  of  leucocytes,  and  many 
mononuclear  macrophages  filled  with  red  blood  cells.  A few  of  the  large 
branches  of  the  portal  vein  are  filled  with  hyaline,  thrombus-like  material. 
Scattered  throughout  the  section  are  a moderate  number  of  the  large 
giant  cells  with  dense-staining  nuclei  already  described  as  occurring  in  the 
spleen.  A few  of  these  are  found  lying  free  in  the  large  branches  of 
the  portal  vein.  Most  of  them  are  found  flattened  out  in  the  sinusoids  of 
the  liver  between  the  columns  of  liver  cells.  In  this  situation  they  are 
relatively  deficient  in  protoplasm,  but  no  bare  nuclei  are  found. 

Adrenal:  The  adrenal  shows  a hemorrhagic  infiltration  in  its  capsule. 
The  cortical  cells  have  a slight  hydremic  appearance. 

Kidneys:  There  is  an  intense  congestion  and  an  extreme  grade  of 

cloudy  swelling.  Many  of  the  convoluted  and  collecting  tubules  seem  to 
be  filled  with  hemoglobin  casts.  In  many  of  the  smaller  arteries  and 
capillaries  the  blood  cells  which  are  present  appear  as  a homogeneous 
hyaline-like  mass  the  color  of  hemoglobin.  This  is  probably  to  be 
interpreted  as  a fused  mass  of  red  blood  cells. 

Lungs . The  air  spaces  are  collapsed.  The  blood  vessels  are  slightly 
distended;  there  are  no  definite  thrombi.  A large  number  of  mono- 
nuclear phagocytes  containing  red  blood  cells  are  found  throughout  the 
section,  many  of  them  scattered  throughout  the  lumen  of  the  blood  ves- 
sels, but  some  giving  the  impression  of  endothelial  cells  which  have 
become  phagocytes.  A moderate  number  of  the  giant  cells  described  at 
length  under  spleen  and  liver  are  found,  wedged  in  the  small  capillaries  or 

ymg  free  in  the  small  arteries.  The  bronchi  and  other  structures  of  the 
lung  are  normal. 


Dog  4 (Table  4).  In  this  set  of  only  two  transfusions 
Dog  4 was  the  recipient,  Dog  [4  the  donor.  As  will  Be  seen 
by  reference  to  the  table,  Dog  4 had  been  used  previously 
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as  a donor  in  one  transfusion.  Three  days  after  the  trans- 
fusion, in  which  he  was  donor,  Dog  4 had  a secondary  wound 
hemorrhage  from  which  he  promptly  recovered.  He  was 
therefore  in  all  probability  at  the  time  of  the  transfusion  ten 
days  later  (in  which  he  was  recipient  for  the  first  time) 
somewhat  anemic.  His  behavior  and  appearance  at  this 
time  were  normal. 

Tests  made  five  days  before  the  transfusion  showed  that 
the  blood  serum  of  Dog  4 was  markedly  agglutinative  to 
the  cells  of  Dog  14  (see  Table  i).  For  the  reasons  given 
previously  no  notes  were  made  on  hemolysis  at  that  time, 
but  from  the  outcome  it  is  quite  possible  that  hemolysis  may 
have  been  present. 

Three  hundred  cubic  centimeters  of  blood  were  transfused. 
While  the  transfusion  was  going  on  the  appearance  of  Dog  4 
changed  suddenly.  He  became  excited,  whereas  usually  the 
dogs  lay  perfectly  quiet  under  the  influence  of  cocaine  and 
morphine.  He  whined,  breathed  rapidly  and  heavily,  and 
his  hind  legs  trembled  violently.  For  twenty-four  hours 
after  the  transfusion  he  had  an  intense  hematuria.  On  the 
third  day  after  the  operation  his  urine  showed  no  hemoglobin. 
He  continued  to  look  ill  for  several  weeks,  and  on  this  account 
no  further  transfusion  was  done  for  five  weeks.  By  the  end 
of  this  time  he  had  apparently  recovered  in  health,  and  his 
behavior  was  normal ; smears  of  his  blood,  however,  showed 
great  numbers  of  nucleated  red  blood  cells  and  other  abnor- 
mal forms. 

Before  the  second  and  final  transfusion  the  action  of  the 
two  dog  bloods  on  each  other  was  reexamined.  It  was  found 
that  the  serum  of  Dog  4 was  very  strongly  agglutinative,  but 
not  at  all  hemolytic  to  the  cells  of  Dog  14  in  thirty  minutes 
at  room  temperature  (June  17;  a fairly  warm  day).  The 
serum  of  Dog  14  had  no  effect  on  the  cells  of  Dog  4. 

Two  hundred  cubic  centimeters  of  blood  were  transfused. 
During  the  transfusion  Dog  4 again  became  obviously  sick 
and  distressed.  A specimen  of  his  blood  collected  just  at 
the  end  of  transfusion  showed  clear,  very  yellow  serum ; no 
laking.  This  serum  agglutinated  the  cells  of  Dog  14  just 
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as  Strongly  as  before  transfusion.  The  cells  obtained  from 
Dog  4 at  the  end  of  transfusion  were  agglutinated  slightly 
by  his  own  serum  obtained  before  transfusion. 

Six  hours  after  the  operation  Dog  4 was  very  sick  and 
scarcely  able  to  stand.  Muscular  tremor  was  very  pro- 
nounced. He  had  passed  no  urine,  but  about  four  ounces 
of  dark,  manifestly  bloody  stool.  Eighteen  hours  after  the 
transfusion  he  had  passed  two  hundred  cubic  centimeters  of 
black,  bloody  urine.  Microscopically  the  urine  contained 
great  masses  of  disintegrated  red  blood  cells,  blood  casts, 
some  leucocytes,  and  epithelial  cells.  He  also  passed  another 
black  stool.  Twenty-one  hours  after  the  operation  the  dog 
was  plainly  moribund.  He  was  therefore  killed  rapidly  with 
an  overdose  of  ether;  and  an  autopsy  was  performed  at 
once.  , 

Autopsy  (Dog  4).  — A well-nourished  male  fox  terrier  weighing  8.7 
kilos.  The  subcutaneous  fat  was  well  developed  and  yellow  in  color. 
The  muscles  contracted  when  cut. 

The  blood  was  dark,  flowed  freely,  and  clotted  naturally.  Blood  serum 
obtained  at  autopsy  was  not  in  the  least  laked,  but  was  of  a deep  yellow 
color  (jaundice?). 

The  lungs  were  negative. 

The  heart  was  moderately  distended.  All  the  chambers  were  filled 
with  dark,  recent  clots. 

The  liver  weighed  390  grams.  Its  surface  was  markedly  mottled  with 
blotches  of  yellow  and  dark  blue.  There  was  some  capillary  hemorrhage 
in  places  under  the  capsule,  and  there  was  evidence  of  some  local  peri- 
tonitis (fibrin  layer)  between  the  lobes.  On  section  the  organ  was 
greatly  congested  and  less  mottled  than  on  the  surface.  Minute  light 
yellow  points  (focal  necroses?)  could  be  made  out.  The  gall  bladder  was 
distended  with  dark  bile. 

The  spleen  was  large,  weighing  54  grams.  It  was  tense  and  firm  in 
consistency  and  bluish-black  in  color.  On  section  the  Malpighian  cor- 
puscles were  prominent. 

The  kidneys  were  large  and  firm  and  weighed  together  81  grams.  On 
section  the  cortex  was  seen  to  be  dark  in  color,  shading  gradually  to  a 
paler  color  at  the  apices  of  the  pyramids.  The  outlines  of  the  pyramids 
were  not  well  defined,  but  their  radial  striations  showed  plainly. 

The  bladder  contained  about  100  cubic  centimeters  of  brown-black 
urine. 

The  stomach  contained  bile  and  mucus. 

The  duodenum  showed  pale  submucous  hemorrhages,  but  was  empty. 
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The  lower  part  of  the  small  intestine  and  the  entire  large  intestine  were 
full  of  soft  bloody  stool. 

Microscopic  examination  (Dog  4).  — Spleen:  This  section  presents 

very  much  the  same  appearance  as  that  of  the  spleen  of  Dog  ii.  The 
multinuclear  cells  are  only  about  half  as  numerous,  but  occur  in  the  same 
locations.  A larger  number  of  nucleated  reds  are  present  than  in  the 
spleen  of  Dog  ii ; and  in  several  places  these  seem  to  have  a distinct 
tendency  to  occur  at  the  periphery  of  what  looks  like  a germinal  center  for 
this  type  of  cell.  The  central  portion  of  this  structure  is  occupied  by 
large  mononuclear  cells.  The  gradations  or  developmental  stages  between 
these  large  mononuclear  cells  and  the  nucleated  red  cells  cannot  be  made 
out,  so  that  it  cannot  be  definitely  decided  whether  the  nucleated  red  cells 
are  positively  formed  in  the  spleen  or  are  simply  deposited  there  from  the 
blood  stream. 

Liver : Practically  all  of  the  lobules  show  a fairly  marked  chronic  pas- 

sive congestion  and  central  necrosis.  All  of  the  liver  cells  seem  slightly 
smaller  than  normal,  are  rather  granular,  and  contain  large  numbers  of 
small  and  medium-sized  vacuoles,  which  give  the  cells  an  hydropic  appear- 
ance*. Diffusely  scattered  throughout  the  entire  section,  and  forming 
small  collections  at  the  necrotic  centers  of  the  lobules,  are  many  polymor- 
phonuclear leucocytes  ; no  multinuclear  giant  cells  are  seen  in  this  section 
Nucleated  red  blood  cells  are  seen  throughout  the  blood  vessels. 

Adrenals : The  epithelial  elements  are  swollen  and  edematous.  There 
are  some  deposits  of  blood  pigment  and  some  small  hemorrhagic  areas  in 
the  capsule,  but  none  in  the  gland  itself. 

Kidneys : There  is  an  extreme  cloudy  swelling  and  an  albuminous 
secretion  in  the  convoluted  and  collecting  tubules.  The  blood  vessels  are 
moderately  engorged.  Many  of  the  epithelial  cells  lining  the  convoluted 
tubules  are  infiltrated  with  finely  granular  or  slightly  crystalline  hemo- 
globin material.  Within  an  occasional  convoluted  tubule  one  finds  small 
hemoglobin  casts  or  blood  casts  and  some  of  the  tubules  contain  ghosts 
of  red  blood  cells.  The  capillaries  of  the  glomerular  tufts  are  engorged 
with  blood.  In  the  cortex  there  are  small  areas  of  focal  necrosis.  In 
these  areas  the  epithelial  cells  are  disintegrating  and  their  nuclei  show 
karyorrhexis. 

Lungs  : The  blood  vessels  are  moderately  engorged  and  stand  out  very 

clearly.  Scattered  here  and  there  in  the  capillaries  are  found  multinuclear 
giant  cells,  few  in  number,  and  of  the  same  type  as  occurring  in  the 
spleen. 

Blood  smears  of  Dog  4 both  before  and  after  the  last 
transfusions  showed  enormous  numbers  of  nucleated  red 
blood  cells,  chiefly  normoblasts,  but  some  megaloblasts.  No 
blood  counts  were  made,  but  differential  counts  of  the  smears 
stained  with  Giemsa  showed  that  before  the  last  transfusion 
the  erythroblasts  greatly  exceeded  the  leucocytes  (see  Table 
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5).  Their  relative  decrease  in  number  after  the  transfusion 
was  apparent,  not  real,  as  the  leucocytes  (with  which  their 
numbers  were  compared)  were,  to  judge  from  the  smears, 
greatly  increased  in  number.  Variations  in  the  size  of  red 
blood  cells,  with  numerous  macrocytes  and  some  polychroma- 
tophilia,  were  noted.  Phagocytosis  of  red  blood  cells  by 
leucocytes  was  carefully  searched  for  in  all  of  the  smears,  but 
was  found  in  none.  (It  is  unfortunate  that  more  complete 
blood  examinations  were  not  made.  Smears  were  made  as 
a matter  of  routine,  stained  and  set  aside  to  be  studied  some 
months  later.) 

The  smear  of  the  blood  of  Dog  14,  donor  to  Dog  4,  made 
before  the  last  transfusion,  showed  that  he  also  had  nucleated 
red  blood  cells,  but  in  very  small  numbers  as  compared  with 
Dog.  4.  Ten  blood  smears  of  dogs  used'  in  the  control 
transfusions  were  examined  (see  Table  6).  Five  of  these 
dogs  were  recipients.  Only  one  showed,  after  transfusion, 
any  nucleated  red  cells  at  all,  and  these  in  very  small  num- 
bers, as  compared  with  the  great  numbers  seen  in  the  blood 
of  Dog  II  and  Dog  4.  This  one  dog,  which  showed  a few 
nucleated  red  blood  cells  (Dog  A),  was,  at  the  time,  fatally 
ill  with  septic  infection,  following  gangrene  of  the  leg  from 
ligature  of  the  femoral  vein. 

Of  the  five  smears  from  donor  dogs  two  likewise  showed  a 
very  small  number  of  nucleated  red  blood  cells  after  the 
transfusion. 


Table  6. 

Second  set  oj  transfusions. 
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Remarks. 

Date. 

Amount. 

1 

Weight. 

Agglutination. 

Hemolysis. 

Symptoms. 

D donor 
(before) . 

Recipient 

(before). 

Urine,  recipi- 
ent (after). 

5th  Transfusion 
(Reverse:  Donor 
became  Recipient). 

September  26. 

u 

0 

^0 
Jr  0 
0 N 

nil 

Wd. 

1 1 

1 

Negative. 

4th  Trans- 
fusion. 

September  12. 

u 

u 

0 

CO 

E — 10,500. 

1 1 

1 

Negative. 

3d  Transfusion. 

August  16. 

(j 

CJ 

0 

8 

in 

ii 

w 

1 1 

1 

PO  0 
to 

ca“. 

it 

§'^ 

00 

u 

pq 

Negative. 

2d  Transfusion. 

August  I. 

110  cc. 

1 

E = 12,830. 

1 1 

1 

0 

0 

m 

in 

6 

M 

it 

fO  « 
CO 

m'ca 

Negative. 

ist  Transfusion. 

06 

u 

u 

0 

0 

0 

0 

V 

?>r 

ii 

w 

1 1 

1 

Negative. 

S 62 

3 

T3  0 

G ns 

.S' 

XJ  3 « 2 

<u 

- bJD 

w 

0 

Jr  0)  pG  0 • 

0 

c 

0 - i: 

0 

G U-M  io2 

0 

« (A  .0  b£ 

Q 
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Dog  C (Table  6).  — This  set  of  five  transfusions  between 
two  dogs,  F and  C (parallel  with  five  control  transfusions 
between  two  other  dogs,  D and  E),  was  intended  to  extend 
the  observations  of  the  first  series  of  transfusions.  Unex- 
pectedly the  results,  as  far  as  symptoms  of  blood  destruction 
were  concerned,  were  completely  negative.  This  was  possi- 
bly due  to  the  fact  that  the  agglutination  of  the  donor’s  cells, 
by  the  recipient’s  serum  present  at  the  beginning  of  the 
transfusions,  was  exceedingly  weak;  in  fact,  it  remained 
feeble  during  the  four  months  throughout  which  the  two 
dogs  were  under  observation,  and  on  one  occasion  it  could 
not  be  detected  at  all.  An  interesting  fact  is  that  in  the 
course  of  the  transfusions  the  serum  of  the  donor  dog 
acquired  the  power  of  agglutinating  the  cells  of  the  recipi- 
ent. We  can  offer  no  satisfactory  explanation  of  this.  It 
was  on  this  account  that  after  the  four  symptomless  transfu- 
sions from  Dog  F into  Dog  C had  been  done  according  to 
the  original  plan,  the  reverse  transfusion  was  done,  viz.,  from 
Dog  C into  Dog  F.  Although  the  agglutination  of  donor’s 
cells  by  recipient’s  serum  was  in  this  transfusion  fairly  sharp, 
no  symptoms  occurred.  There  was  disappearance  of  the 
agglutinin  from  the  serum  of  the  recipient  at  once  after 
transfusion,  due  probably  to  its  absorption  by  the  susceptible 
cells.  A similar  phenomenon  has  been  observed  by  one  of  us 
in  several  human  transfusions.  It  is  interesting  to  note  that 
this  phenomenon  did  not  occur  in  Dog  4,  which  showed 
severe  symptoms. 


CONCLUSIONS. 

I.  By  a suitable  technic,  isoagglutination  and  isohem- 
olysis can  be  demonstrated  to  occur  between  the  bloods  of 
different  dogs.  Isoagglutinins  occur  naturally,  and  it  is  pos- 
sible that  the  immune  isoagglutinins  produced  by  von  Dun- 
gern  and  Hirschfeld  are  merely  intensifications  of  these.  No 
sharp  grouping  (such  as  would  indicate  a limited  number  of 
agglutinable  substances  and  of  agglutinins)  could,  however, 
be  made  out  in  the  naturally-occurring  agglutinins.  Natural 
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(as  distinguished  from  immune)  isoagglutination  is,  how- 
ever, a relatively  weak  phenomenon.  . 

2.  Isohemolysis  and  isoagglutination  are  closely  con- 
nected with  each  other  in  dogs,  as  Moss  and  others  have 
shown  them  to  be  in  human  blood.  In  our  observations 
hemolysis  never  occurred  without  agglutination.  Apparently 
isohemolysins  may  be  developed  de  novo  by  the  repeated 
transfusion  of  agglutinable  cells,  but  they  are  never  developed 
by  the  transfusion  of  non-agglutinable  cells. 

3.  Hemolysis  in  the  body  is  far  more  intense  than  in  the 
test-tube.  (The  authors  have  made  the  same  observation 
in  an  unpublished  human  transfusion,  and  similar  experi- 
mental observations  have  been  made  by  Muir  and  M’Nee.) 

4.  The  direct  transfusion  of  blood  whose  red  cells  can  be 
agglutinated  and  laked  by  the  recipient’s  serum  is  followed 
by  destruction  of  the  transfused  blood  with  an  intense  intoxi- 
cation. It  is  not  yet  clear  whether  agglutination  plays  any 
part  in  this  result,  or  whether  it  is  due  entirely  to  hemolysis. 

5.  A very  remarkable  blood-picture,  presenting  many  of 
the  morphological  forms  peculiar  to  pernicious  anemia,  is 
produced  when  the  blood  of  another  animal  of  the  same 
species  is  destroyed  in  the  circulation.  (Similar  blood-pict- 
ures have  been  observed  by  Bunting  and  others  to  follow 
anemia  produced  by  hemolytic  poisons.)  In  our  experi- 
ments this  was  not  due  to  anemia,  as  the  animal’s  own  blood 
was  not  destroyed,  and  there  was  no  reason  to  believe  they 
were  anemic.  The  changes  must  have  been  due  to  some 
peculiar  toxic  effect,  on  the  bone-marrow,  of  hemolytic 
blood  destruction. 

[The  authors  wish  to  thank  Dr.  W.  Thalheimer  for  his  assistance  with 
the  histological  part  of  the  paper.] 
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